washed with additional CH 2 Cl 2 (5-10 mL). The green filtrate was collected and evaporated to dryness by rotary evaporation. The green residue was then washed with EtOH (3 x 5 mL) and dried under vacuum at 25°C overnight affording pure C 12 RhMOP (18 mg) 
Stability test in aqueous solutions
The small amount (ca. a few μg) of compound (C 12 RhMOP or C 14 RhMOP) was added into pure water and was stirred for 24 h. After the filtration, the residue was analyzed by IR spectroscopy and the supernatant was analyzed by was ICP-AES (inductively coupled plasma atomic emission spectroscopy).
Channel current recordings and data analysis
MOP channel currents were measured using planar bilayer lipid membranes using the droplet contact method. S1-S4 MOP dissolved in chloroform were mixed with DPhPC/n-decane (10 mg/mL) as 1 mol% to lipid molecules. Normally, 1 M KCl with, 10 mM PBS, or MOPS buffer was used for the aqueous drops (unless otherwise noted). The currents were monitored using an Axopatch 200B (Axon Instruments) or a JET-Bilayer (Tecella, CA). The signal was detected through a 1 kHz low-pass filter at a sampling frequency of 5 kHz (unless otherwise noted) at 23 ± 1 °C. The number of all experimental trial was at least n>3. The typical channel recording for each experiment took 2 hours. The multiple leveled signals were rarely observed, which indicates that two MOP molecules in a same lipid bilayer became simultaneously active. In that case, we ignored this type of data. The current analysis was performed using pCLAMP ver. 10.6 (Molecular Devices, Sunnyvale) and Igor Pro 6.2 (Wavemetrics, Oregon). The single-channel analysis is described below. The durations of the open and closed periods were measured with a single-channel tracing analysis using pCLAMP (average data number: n = 122). Occasional long closed periods (>60 s) were excluded due to extremely low activity. In case of a high amount of noise in the data, a digitized low-pass filter (<500 Hz) was used. The results are given as mean ± SD or SEM.
Calculation of channel diameter from conductance
The channel conductance was estimated from the slope of the I-V curve (n>3 at each voltage). The dependence of conductance on the salt concentration (n>3 at each concentration) was fitted to the Michaelis-Menten equation.
where g MAX is the maximum conductance. To apply Hille's model to calculate the diameter, the conductance at a KCl concentration below EC 50 (0.45 M) was required. Therefore, the conductance at 0.25 M KCl was estimated from the curve fit, multiplied by the "correction factor," and applied to
Hille's equation.
where l is the length of the channel (7.0 nm) and ρ is the resistivity of the recording solution (0.348 Ω m -1 ) to give diameter (d).
Verification of ion permeability.
The ion permeability ratio between K + and Cl -(P K+ /P Cl-) was determined by measuring the reversal potential (V r ) in the salt gradient solution (2/0.25 M KCl, cis/trans). S6 P K+ /P Cl-was obtained using the equation derived from the Goldman-Hodgin-Katz voltage equation as follows.
where a Kc and a Kt are the activities of K + in cis and trans chambers, a Cl c and a Cl t are the same for Cl -, F is the Faraday constant, R is the gas constant, and T is the absolute temperature. Monovalent alkali cation selectivity was similarly determined from V r obtained under the salt gradient (1M KCl/1M
MCl, cis/trans) using the following equation.
where a M is the activity of M + .
The permeability ratio with a divalent ion, P Ca2+ /P K+ in this case, is more complicated and can be solved as follows.
where a Ca is the activity of Ca 2+ .
Molecular dynamic simulation of MOP channel in the lipid bilayer
All calculations were performed with Universal Force Field S7 under periodic boundary condition ( 
